Comparison of EC predictor tools for two benchmark reactions
The tables S1 and S2 show the performance of different methods (BridgIT, EC-BLAST, Selenzyme and E-zyme2) for two main challenges that are represented by the class of reactions:
1. Reactions with a similar structure on the substrate and product side. 2. Multi-substrate multi-product reactions (a subset of reactions with more than one substrate) Note that these two classes of reactions are ubiquitous in biochemical networks. For comparisons between methods, we took an example reaction of each class, i.e., R00722 (2.7.4.6) for the first class and R07500 (2.5.1.115) for the second class. For the two benchmark reactions, we ranked the similar reactions proposed by each of methods according to the corresponding similarity scores, and up to top 100 similar reactions proposed by each method were used for comparisons 1 .
We used the following criteria to quantitatively compare these tools:
1.
The number of matched 4 th level EC numbers between the benchmark reaction and reactions proposed by the tested method. We introduced this criterion because the reactions that share the same 4 th level EC number, in most cases have a similar mechanism, cofactors and the structure of substrates. 2.
The number of matched 3 rd level EC numbers between the benchmark reaction and the reactions proposed by the tested method -the reactions that share the same 3 rd level EC number, in most cases have a similar mechanism and cofactors, but less structural similarity of substrates compared to the 4 th level matched EC numbers.
3.
The number of unique 4 th level EC numbers in the set of reactions proposed by the tested method that had matched 3 rd level EC numbers in Criterion 2. The higher ratio between this number and the number from criterion 3, the method has a wider scope of predicted enzymes. The maximal value of this ratio is 1.
4.
A Receiver Operating Characteristics (ROC) and the Area Under the Curve (AUC). Each of the compared methods predicted for the benchmark reaction a set of similar reactions together with their similarity scores. Using this information, we constructed the ROC curves and computed AUC for each of the methods. Therein, following the approach proposed in the manuscript on the EC Blast method, we considered a result as true positive if a predicted reaction by the tested method matched the 3rd level EC number of the benchmark reaction. The obtained ROC curves allow us to assess the robustness and confidence levels of each tool's predictions.
5.
Mapping each input reaction to itself (whenever the input reaction is not orphan) -as a basic functionality of enzyme annotation methods (column "Self recognized" in Tables S1, S2 and S3).
Existing tools
Description BridgIT 
ADP

R00722
Challenge: similar structure in product and substrate side * In the column "Best ECs", we provide the list of candidate enzymes, i.e., their ECs, that have the highest score assigned by the method from the corresponding row of the Table S1 . Comparison of EC predictor tools for benchmark reaction 1 exemplifying the first class of reactions characterized by a very similar structure of substrates and products. Reaction center (RC) Based on reaction center similarity.
Reaction centers are connected to a bond that is broken/formed or the order of bond or its stereo is changed.
Both BC and RC Based on both bond change and reaction center methods.
Structural similarity Based on substructure similarity.
All the molecules in the reaction are compared to all those in a target.
Selenzyme
Reaction similarity is based on 3 types of Rdkit fingerprints, called: Rdkit, Pattern and Morgan
E-zyme2
Based on structures of substrateproduct pair (reactant pair). 
5.4.4.4
Geraniol (+)-Linalool
R09708
Challenge: Isomerases Fig. S1 . Five steps in the BridgIT cross validation procedure. For 531 non-orphan reactions in EBW, we constructed the BridgIT reaction fingerprints and identified their protein sequences (panel 1). We then assessed the structural similarity of EBW reactions with the reactions from the BridgIT reference database using the Tanimoto score (panel 2). Next, we assessed the similarity of the 413 EBW protein sequences to the protein sequences of reactions from the BridgIT reference database using e-values (panel 3). We further compared the similarity scores obtained in steps 2 and 3. We considered two sequences to be similar if BLAST reported an e-value of less than 10 -10 for their alignment. For a chosen discrimination threshold (DT) of the global Tanimoto score (TG) we considered the BridgIT prediction of similarity between an EBW reaction and a BridgIT reference reaction with a Tanimoto score of TG as: (i) True Positive (TP) if TG > DT and their associated sequence(s) were similar (e-value < 10 -10 ); (ii) True Negative (TN) if not similar for both BridgIT (TG < DT) and BLAST+ (e-value > 10 -10 ); (iii) False Positive (FP) if similar for BridgIT (TG > DT) but not similar for BLAST+ (e-value > 10 -10 ); (iv) False Negative (FN) if not similar for BridgIT (TG < DT) but similar for BLAST+ (e-value < 10 -10 ) (panel 4). We then counted the number of TPs, TNs, FPs, and FNs for all 531 reactions, and we summed these quantities to obtain the total number of TPs, TNs, FPs, and FNs per chosen DT. These quantities were used to compute the sensitivity and 1-specificity (panel 5). S3 . Sensitivity analysis of BridgIT threshold, AUC, accuracy, and as a function of E-value cutoff ranging in values from 10 -10 to 10 -50 . The analysis indicates that BridgIT is robust to the changes in e-values. The values of AUC range from 0.91 for e-value cut-off of 10 -10 to 0.87 for evalue cut-off of 10 -50 . Similarly, the values of accuracy range from 0.85 to 0.80 for e-value cut-off of 10 -10 and 10 -50 , respectively. As expected, the values of optimal BridgIT threshold are correlated with the e-value cut-off -for the more stringent requirement on homology of sequences (lower e-value cut-offs), the more stringent is optimal BridgIT threshold (higher values of DT). The performed sensitivity study can serve as a guideline for the application of BridgIT. For studies where users are interested about distant homologs, BridgIT threshold of 0.3 would be appropriate, whereas for studies of extremely similar sequences in closely related species one can use a higher BridgIT threshold (~0.4). 
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in fragments, different description levels of a molecule is formed, as follows: Level 0: Describes the fragments with no bonds, i.e. this level describes the type of each atom together with its total count in a molecule. For instance, molecule A (panel 2) at the level 0 is described with 1 oxygen (the atom count and the type of the atom), 1 chlorine and 3 carbon atoms. Level 1: Describes the fragments with 1 bond, i.e. this level describes the type and the count of each bond between pairs of atoms. For example, molecule A (panel 2) at the level 1 is described with 1 O=C, 1 Cl-C, 1 C=C, and 1 C-C bond. Level 2: Describes the fragments with 2 bonds, i.e. describes the type and the count of fragments with 3 connected atoms. For molecule A, we have 3 different fragments of this type with count 1 each (panel 2). Descriptions up to level 7 are used since they could capture the structure of the biochemical molecules. Indeed, through this fragmentation we are able to identify all the linear and ring substructures of each molecule in all studied reactions. Not all description levels are needed to describe less complex molecules. For example, molecule A is described with Levels 0-4 (panel 2). We next form for each level: (i) the substrate set, by merging all the fragments (type and count) in the substrate molecules of the reaction and (ii) the product set, by merging all the fragments (type and count) in the product molecules of the reaction. In both sets, the count of each fragment is multiplied by the stoichiometric coefficients of the corresponding molecule in the reaction. Finally, the fingerprints are created by combining the fragments of substrate and product sets at each level (panel 3). If a fragment existed in both sets, the count of this fragment in the reaction fingerprint is equal to the absolute difference between the total counts of the fragments in each of sets. For example, for an elementally balanced reaction, at the Level 0, the difference between the counts of substrate and product sets is always equal to zero as the atoms are conserved during a chemical reaction (panel 3). Then, the structural similarity between the input reaction and all non-orphan reactions is quantified by computing the Tanimoto similarity score of the corresponding fingerprints (panel 4). Finally, the non-orphan reactions are ranked based on the Tanimoto score, and the EC of the highest ranked reference reactions are then assigned to the input reaction as the candidate protein enzyme (panel 5).
